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ABSTRACT The effects of information and communication technology (ICT) on development have been
studied primarily from the perspective of their contributions to a country’s economic growth. However,
ICT can offer individuals much more than just monetary income—it can improve many aspects of their
quality of life. In fact, according to the human development paradigm, income is only one resource that helps
individuals to satisfy their economic needs. Using the capabilities approach as a theoretical framework, this
study applied data panel technique to a sample of 145 countries to investigate how the use and adoption of
ICT, by individuals, enterprises, and governments, affects human development, as measured by the Social
Progress Index and Human Development Index (HDI). The results show that regardless of a country’s
level of development, the individual use of ICT has a positive impact on human development; especially
on the dimensions measured by HDI (having a long and healthy life, being knowledgeable, and having a
decent standard of living). Furthermore, the use of ICTs for commercial purposes has a positive impact on
human development at the global level, but if we make the analysis considering only developed countries,
the relationship of this variable with human development is no longer significant. Regarding the impact
of government use of ICT on human development, it has been verified that it is significant on developed
countries. This study can be used as a tool by policymakers, especially in developing countries, to reinforce
their intentions to support the use and implementation of ICTs.
INDEX TERMS Information society, information and communication technologies, innovative
entrepreneurship, social progress, theory of human development.
I. INTRODUCTION
Since the second half of the 20th century, the discussions
about countries’ development have been guided by different
perspectives [1], that include: theories aligning development
and economic growth [2]–[4], theories arguing that the origin
of dependency and inequalities are characteristic to the cap-
italist system [5], and alternative approaches to development
that recognize ecological, economic, and social goals [6].
One of most influential theories that counteracts the view of
The associate editor coordinating the review of this manuscript and
approving it for publication was Saqib Saeed.
development focused on economic growth is the capabilities
approach (CA) proposed by Amartya Sen [1], [7], which
defines development as ‘‘a process of expanding the freedoms
that people enjoy’’ [8, p. 3] to lead the type of life they have
reason to value [8]. Under this theory, economic growth and
technologies are important as means for people to achieve and
live a life they value [7], [9].
Sen [10] argued that information technology is respon-
sible for creating an interactive global culture. The posi-
tive use of IT, such as to expand human freedoms, leads
to both greater efficiency in various human activities and a
stronger ability to fight government repression of individual
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freedoms. However, Kleine [1] argued that the discourse on
information and communication technology (ICT) for devel-
opment continues to be overly focused on economic growth,
with severe limitations in capturing the impacts of these
resources. on an improved quality of life at a comprehensive
level.
As such, the 2012 study by Oosterlaken [11] indicated
a significant increase in research since 2006, from differ-
ent disciplinary perspectives that use the CA framework to
explain the impact of ICT on improving the quality of life.
Furthermore, this author recommended performing empiri-
cal studies to analyze the relationship between ICT at the
micro and macro levels for politicians, professionals, and
activists responsible for development. Similarly, Heeks [12]
indicated the need for more evidence regarding the impact
of ICT on development, especially studies based on theories
supporting human development (HD). Additionally, Thapa
and Saebø [13] argued the need for quantitative research that
enables us to better understand the effects of the relationship
between ICT and development.
Moreover, Lwoga and Sangeda’s [14] analysis of ICT’s
impact on development in developing countries provided
limited evidence of the contribution of ICT tools. Finally,
Johnston et al. [15] found that not enough studies evidence
ICT’s contribution to solving social problems. In this sense,
the first goal of this study is to contribute to filling this liter-
ature gap by providing new evidence about the relationship
between ICT and HD.
In this study, CA was used as theoretical framework and
empirical econometric analysis was carried out by means
panel data technique. The results provide new evidence on
the effects of ICT on HD. The findings suggest that the
individual use ICT have positive effects on HD, as measured
by the Human development Index (HDI), and Social Progress
Index (SPI), which is calculated from 53 indicators classified
into three dimensions of social progress: basic human needs,
foundations of wellbeing, and opportunity.
The paper continues as follows. The next section presents
the conceptual framework and develops the research hypothe-
ses. Section 3 outlines the data sources and the method.
Section 4 presents the findings. The final section concludes
with recommendations and policy implications.
II. CONCEPTUAL FRAMEWORK AND
HYPOTHESES DEVELOPMENT
A. CAPABILITY APPROACH
The theory of social choice developed by Sen during the
1970s concludes there are regulatory reasons for modifying
welfare economics and the exclusive dependence on income
and wealth as HD indicators. Based on this, Anand and
Sen [16] argued that focusing on variables such as GDP per
capita or national wealth to measure development levels per-
petuates the traditional approach oriented toward opulence,
whereas the search for wellbeing should focus on improve-
ment in positive freedoms or capabilities [8].
Similarly, Atkinson [17] and Bourguignon and
Chakravarty [18] reached a broad consensus that multiple
factors cause deprivation of goods and services. Therefore,
addressing poverty through people’s income levels is insuf-
ficient, and other attributes associated with the expansion of
capabilities should be analyzed. In this sense, CA provides
tools to analyze inequality based on its multidimensionality.
Sen’s contribution to creating an alternative measure for the
improvement in the quality of life has made him one of the
main theoreticians of HD. For Sen, development is associated
with people’s capabilities to live the type of life they have
reason to value [8].
The philosophy of CA provides the basis for creating a
paradigm that seeks to redirect the discussion on the concept
of wealth to what people are able to do or be. CA differs
from the utilitarian approach, which explains people’s level
of satisfaction based on the amount of goods and services that
enable them to have a particular lifestyle [19], [20], by bas-
ing its analysis on the concepts of capabilities, functioning,
achieved functioning, and agency [8], [21]–[28]. Capabilities
are what individuals are free to do, functioning is what they
actually do [29], achieved functioning is the result of the
actions that a person enjoys at a certain point in time, and
agency refers to the ability of a person to pursue goals they
have voluntarily set. A person without agency is one who
performs crucial activities in his/her life as an obligation [30].
B. ICT AND THE CAPABILITY APPROACH
Understanding development as expansion of capabilities does
not mean denying the importance of the resources [20] pro-
ceeding from economic growth or technological progress
as tools that encourage HD. The effectiveness of income
and technology should therefore be evaluated according to
their impact on capabilities expansion [9]. Sen recognized
IT as ‘‘an interactive culture across the world’’ [10] that
transcends the debate on local vs. global knowledge. IT is
equally absorbed by both people who defend modernity and
globalization and people who defend local culture. Sen also
argued that the question we should ask about ICT usage
should focus on how IT can help people to bemore efficient in
their work, and how ICT usage can be important in expanding
capability to win battles for freedom and against the continu-
ity of repressive governments.
According to a literature review on the impact of ICT on
development [11], there is growing interest in demonstrating
the role of ICT in HD with the CA, since ICT can con-
tribute directly and simultaneously to the expansion of human
capabilities in different areas (health, education, recreation,
and means of subsistence, among others). Oosterlaken also
showed that ICT ‘‘might thus be seen as the ultimate embod-
iment of the ideal of the capability approach, that we ought to
promote a variety of capabilities and leave it up to empowered
individuals which functioning to realize, depending on their
idea about the good life’’ [11, pp. 12–13].
Similarly, Kleine [1] stated that ICT is a useful tool for
improving people’s capabilities to make effective decisions
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that enable them to achieve the desired results. Given the
potential to expand opportunities and facilitate the choice
process, CA is especially interesting for those who study or
work in the field of ICT and development.
Additionally, the literature review by Lwoga and
Sangeda [14] regarding the impact of ICT on quality of life
enhancement in developing countries highlighted CA as one
of the main reference frameworks used since the 1990s to
explain this relationship. The prevalence of CA stems from its
broader view, includes the social dimensions of development,
where ICT usage can improve living conditions. Despite
multiple evaluations, the review showed that the contribution
of ICT to HD remains debatable. Further, in an extensive
review on the relationship between ICT and development
using the CA approach, Thapa and Saebø [13] found that ICT
may contribute to expanding capabilities, particularly what
Sen [31] called instrumental freedom related to guarantees of
transparency.
From the perspective of international organizations ori-
ented toward development, the UN uses its Human Develop-
ment Reports to recommend that national governments create
or strengthen the institutional frameworks that encourages the
use and adoption of ICT as tools to foster the expansion of
capabilities [32]–[35]
Moreover, the UN has promoted the information society.
During the 2002 summit [36], the representatives of 174 coun-
tries approved the creation of the information society, consid-
ering the Universal Declaration of Human Rights, especially
the fundamental right of every individual to freedom of opin-
ion and expression. The information society was thus born
as a comprehensive and development-oriented institution,
whose main goal is to improve people’s quality of life by
promoting ICT adoption and use [37].
Within the information society, the Internet is a global
facility available to the public. The UN Human Rights Coun-
cil also recognizes ‘‘the global and open nature of the Internet
as a driving force in accelerating progress towards develop-
ment in its various forms’’ [38], and access to this medium
is seen as an extension of the fundamental right to freedom
of expression. Based on International Telecommunication
Union (ITU) statistics, 48.6% [39] of the global population
had access to and used the Internet by 2017.
In 2015, the UNGeneral Assembly [40] approved a general
examination of information society’s global reach, the UN
recognizing the importance of ICT in achieving the 17 Sus-
tainable Development Goals (SDG) by 2030. The evaluation
also highlights the digital economy as an important and grow-
ing part of the world economy [40].
Similarly, given the growing importance of the digi-
tal economy, the 28 member countries of the European
Union (EU) approved the creation of a digital single market
in 2015 to create digital opportunities for both individuals
and companies by using the Internet and digital technologies.
According to studies performed by the EU, the creation of
the digital single market would topple regulatory barriers,
enabling a transition from 28 national markets to a single
market, which, when fully functional, could contribute EUR
415 billion to the EU economy and create hundreds of thou-
sands of new jobs [41].
Additionally, another international organization that advo-
cates the importance of ICT in development—theWorld Eco-
nomic Forum (WEF)— argues in its 2016 Global Information
Technology Report [42] that ICT constitutes the backbone of
the developments of the fourth industrial revolution, that has
fostered an exponential increase in capabilities for processing
and storing information and formaking this knowledge acces-
sible to people as never before in the history of humanity, thus
creating a better future for HD.
Since 2001, the Global Information Technology Report
series published by the WEF, INSEAD, and Cornell Univer-
sity has measured drivers of the ICT revolution globally by
means of the Networked Readiness Index (NRI). The NRI has
evolved over time and currently evaluates the state of network
preparation using 53 individual indicators. For each of the
139 studied economies, the NRI enables identification of
areas of priority for the use of ICTs for better socioeconomic
development [42]. The NRI delivers information on indi-
vidual, family, business, and public adoption and use of the
Internet, cell phones, personal computers, telephony network
infrastructure, and Internet servers with secure access, as well
as virtual networks [42].
Based on the above, we propose the following hypothesis
on the virtues of ICT as an instrument that fosters improve-
ment in the quality of life:
HYPOTHESIS 1 (H1): ICT adoption/use is positively
related to HD, especially on the dimensions measured byHDI
and SPI.
The conceptual framework of the CA suggests that the
impact of the use of a resource must be evaluated according
to its potential to expand the capabilities and functioning that
would allow individuals to lead the life they desire. From the
normative perspective, access to a resource must improve the
quality of life for the people who use it. Similarly, the actions
related to the use of a resource must generate positive effects
for both the person who carries out an action and the society
affected by it [20]. Sen [8] suggested that the quality of
people’s lives depends on what they are capable of doing or
being given the resources they have access to. Regarding the
use of ICT, as mentioned, Sen [10] argued that the question
we should ask is how these resources can help people be
more efficient in their work and how its usage can expand
capabilities.
From the perspective of the individual impact of ICT on
HD, the literature review carried out by Thapa and Saebø [13]
showed that seven studies corresponding to the micro level,
two macro-level studies, and one study at the meso level con-
clude that access to information and communication services
can be useful in creating social and human capital in remote
communities. Likewise, in the literature review conducted by
Johnston et al. [15], over 26 micro-level studies suggested
that ICT has been a key tool for improving health care systems
and agricultural supply chains in some African countries.
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For instance, the use of mobile phones has had a positive
socioeconomic impact in rural Nigeria [43]. Similarly, micro-
level studies found that ICT has had a positive impact on
the standard of living in rural China [44], Colombia [45],
Ghana [46], Tanzania [47], and Uganda [48]. It has also
been verified that through access and use of computers and
the Internet, people living in remote areas of Thailand can
increase their probability of accessing different types of liveli-
hoods [49].
The literature review by Zaremohzzabieh et al. [50] on
15 qualitative studies conducted in different countries con-
cluded that use of ICT at the individual level has a positive
impact on people’s quality of life, especially in terms of
access to education and training.
Similarly, use of these resources facilitates access to infor-
mation that allows people to increase their skills and knowl-
edge. From the social point of view, ICT allows an increase in
communication between family and friends and participation
in social networks, thus generating personal satisfaction.
The 2016 NRI report indicates that individual use of ICTs
is one of the highest-growing indicators in all the countries
studied [42]. Considering the results of the aforementioned
qualitative and quantitative studies, it is inferred that indi-
vidual use of ICTs allows people to expand their capacity
and improve their quality of life. Therefore, the following
hypothesis is suggested:
HYPOTHESIS 1.1 (H1.1): Individual use of ICT (mobile
telephone, Internet, personal computer, and virtual social net-
works) is positively related to HD, especially on the dimen-
sions measured by HDI and SPI.
From the perspective of improving people’s quality of
life as a result of actions undertaken by entrepreneurs based
on ICT use, several studies found that small and medium
enterprises’ usage of ICT reduces multidimensional poverty
through the creation of new jobs and facilitation of enterprise
subsistence [15], [51]–[55].
Similarly, the US government has recognized that ICT
usage in nascent enterprises is important for ensuring social
progress,= so it created the Digital Freedom Initiative to help
entrepreneurs and small businesses make better use of ICT to
create jobs and improve the locals’ standard of living [56].
Mathew [57] argued that ICT allows women entrepreneurs
to increase their participation in the growth and development
of their country’s economy. ICT is thus a driving force in the
creation and dissemination of new products and services [58].
A study conducted in Indonesia reported that the use of
cell phones by blind microentrepreneurs played a funda-
mental role in their perceived well-being [59]. This study
also concluded that cell phones facilitated functions that the
participants valued greatly. The authors reached the same
conclusion regarding cell phone use for a sample of religious
women andmicroentrepreneurs in Indonesia [60]. Kemal [61]
argued that the use of ICT allows microentrepreneurs to
obtain sustainable livelihoods, such as increased income and
profits, access to new markets and market information, less
dependence on physical/natural resources, and risk reduction.
Considering the results at the micro level, it is inferred that
the use of ICTs for commercial use promotes the expansion
of human capacities. Therefore, the following hypothesis is
suggested:
HYPOTHESIS 1.2 (H1.2): Business use of ICT is posi-
tively related to HD, especially on the dimensions measured
by HDI and SPI.
According to the UN e-Government Knowledgebase [62],
e-government is defined as the use of ICT to provide gov-
ernment services to citizens and businesses more effectively
and efficiently. It is the application of ICT in government
operations for achieving public ends through digital means.
The principle of e-government, supported by an effective
e-governance institutional framework, involves the improve-
ment of internal functioning of the public sector by reduc-
ing financial costs and transaction times to better integrate
workflows and processes and enable the effective use of
resources. It is utilized by various public sector agencies
that seek sustainable solutions. Through innovation and e-
government, governments around theworld can becomemore
efficient, be service-backed, respond to citizens’ demands
for transparency and accountability, and thus restore citizens’
confidence in their governments.
E-governance represents an era of modernity, innovation,
and flexibility for the provision of efficient and quality public
services. Academics from both developed and developing
economies argue that e-government strengthens citizens’ par-
ticipation in the decision-making process and makes gov-
ernments more transparent, accountable, and effective while
improving the quality of service delivery [63], [64].
Furthermore, e-government offers opportunities to the
public sector in emerging economies. Specifically, it can
help control the government’s procurement risks as well as
promote favorable environmental and social benefits that
are considered sustainable [65]–[67]. Based on the above,
we propose the following hypothesis:
HYPOTHESIS 1.3 (H3): Government use of ICT is posi-
tively related to HD, especially on the dimensions measured
by HDI and SPI.
III. MATERIALS AND METHODS
A. MATERIALS
1) DEPENDENT VARIABLES
Following the theoretical framework of Sen’s approach,
the United Nations Development Program (UNDP) adopted
the concept of HD in 1990, which is now measured globally
by the Human Development Index (HDI) [34]. This index has
three dimensions: a long and healthy life, access to knowl-
edge, and a decent standard of living [33], [68]. Therefore,
HDI is used in this study as a dependent variable. HDI was
also used byDhahri andOmri [69] to identify the contribution
of entrepreneurship to sustainable development. Similarly,
it was used by Costantini and Monni [70] to analyze the
relationship between the environment, human development,
and economic growth.
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Another dependent variable used in this study is SPI, cre-
ated by the Social Progress Imperative Foundation and guided
by the studies of Sen, Douglas North, and Stiglitz [71], among
others. SPI is defined as ‘‘the capacity of a society to meet
the basic human needs of its citizens, establish the building
blocks that allow citizens and communities to enhance and
sustain the quality of their lives, and create the conditions for
all individuals to reach their full potential’’ [71, p. 3]. This
index is thus considered an internally consistent approach for
measuring HD [72], [73].
The SPI is structured into three elements: dimensions,
components, and indicators. The dimensions are the three
sub-indexes (Basic Human Needs, Foundations ofWellbeing,
and Opportunity). Each dimension is composed of four com-
ponents and each component of several indicators. The indi-
cators are aggregated to each component through exploratory
factor analysis, using the principal component analysis
technique [74]. Appendix A presents the structure of this
index.
SPI has been subject to validation analysis. The results
indicated that it has the highest number of indicators for
measuring improvement in people’s life quality from dif-
ferent dimensions. Further, its calculation method rests on
a strong theoretical foundation. The main limitation is the
short period of time analyzed, which prevents comparative
studies from identifying changes in countries in the medium
and long term [73]. The SPI has been used in other studies to
explain the causes and effects of various processes of human
interaction in improving the quality of life [75]–[78].
2) INDEPENDENT VARIABLES
Wedivide the independent variables into two groups. The first
group measures the use and adoption of ICT at country level,
and the second group the adoption and usage by social sector,
this is personal, business, or government. The variables in
each group are detailed below.
Countries use/adoption of ICT. The NRI measures a coun-
try’s capacity to capitalize ICT to increase competitiveness
and welfare. The NRI is structured into four sub-indexes
(Environment, Readiness, Usage, and Impact), with 10 pillars
distributed across the sub-indexes and 53 indicators dis-
tributed across the pillars. The Environment sub-index is
composed of laws and public policies impacting ICT imple-
mentation, innovation, and development of entrepreneurial
activities. The Readiness sub-indexmeasures a society’s will-
ingness to use ICT, the Usage sub-index measures the use of
ICT in all sectors of the society, and the Impact (economic and
social) sub-index is associated with ICT use [79]. Appendix B
presents the full structure of this index.
Detailed information on the method used to calculate the
NRI is found in the Global Information Technology Report
2016 [42, p. xi]: ‘‘The computation of the overall NRI score
is based on successive aggregations of scores: individual
indicators are aggregated to obtain pillar scores, which are
then combined to obtain sub-index scores. Sub-index scores
are in turn combined to produce a country’s overall NRI
score’’ [42, p. xi]. As each aggregation step in the NRI uses
equal weights, each sub-index has a weight of 25%.
To evaluate the weighting scheme for NRI,
Maricic et al. [80] applied the enhanced scatter search (eSS)
metaheuristics technique to obtain a weighting scheme that
would increase the stability of the composite indicator. The
objective function is based on the relative contributions of
indicators, whereas the problem constraints rely on the boot-
strap Composite I-Distance Indicator (CIDI) approach. The
eSS-CIDI approach combines the exploration capability of
eSS with the data-driven constraints devised from the boot-
strap CIDI. The results obtained byMaricic et al. [80] initially
suggested that the equal weightings for each sub-index of the
NRI could change when the eSS-CIDI is applied. However,
the proposed model does not guarantee a more stable solution
than the official estimation method and should thus not be
changed. Maricic et al. [80] suggested that the results of the
proposed method can be interpreted as a means to verify the
official weighting schema.
As an additional measure of the reliability of the NRI
scales, we calculated Cronbach’s α for the published results
for each of the 10 pillars. The value obtained was 0.946,
indicating that the grouping of the variables is valid, since
it is above 0.7 [81].
Because of the importance of the NRI as a measurement
for the use and adoption of ICT in 151 countries, several
researchers have used this index to demonstrate the relation-
ship of ICT with different aspects of human life [82]–[92].
Individual use of ICT (INUICT), was obtained by NRI;
this variable has seven indicators, measures ICT penetration
and diffusion at the individual level, using indicators such as
the number of mobile phone subscriptions, individuals using
the Internet, households with personal computers, households
with internet access (both fixed and mobile), broadband sub-
scriptions, or the use of social networks [79].
Business use of ICT (BUICT), was obtained by NRI; this
variable has five indicators, captures the extent of business
internet use as well as the efforts of the firms in an economy
to integrate ICT into an internal technology savvy, innova-
tion conducive environment that generates productivity gains.
Consequently, this variable measures a firm’s technology
absorption capacity, as well as its overall capacity to inno-
vate, the production of technology novelties measured by
the number of patent applications or the proportion of staff
trained, so that management and employees are better capable
of identifying and developing business innovations [79].
Similarly, as a measure of the business usage of ICT
the total entrepreneurial activity rate of innovation (TEAIN)
was used, which is measured as a percentage of all people
surveyed who are involved in total entrepreneurial activity.
This type of entrepreneur is reported to provide new products
or services for many of their customers and has few or no
competitors. TEAIN is obtained from the adult population
survey published by GEM. This survey is administered in
approximately 100 countries through stratified sampling by
gender and age, considering the active population (people
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aged 18 to 64). GEM usually provides 95% confidence inter-
vals for the estimates reported in its global reports [93].
The GEM is ranked as the most important study on global
entrepreneurship. Organizations such as the UN,World Bank,
Organisation for Economic Co-operation and Development,
and WEF use its information to propose policies to support
entrepreneurship worldwide [94], [95]. GEM data currently
constitute the main source of information for conducting
empirical studies that explain the causes and effects of
entrepreneurship [96].
Researchers have used the TEAIN to determine the
relevance of innovative entrepreneurship for economic
growth and development [97], the relationship between
entrepreneurship and the business cycle [98], the influence
of social progress on innovative entrepreneurship [99], and
the relationship between leadership styles and innovative
entrepreneurship [100].
Government use of ICT (GUICT), was obtained from the
NRI; this variable has three indicators, provides insights into
the importance that governments place on developing ICT
policies for competitiveness and wellbeing and their efforts
for implementing these visions for ICT development and the
number of government services they provide online [79].
3) CONTROL VARIABLES
As previouslymentioned, CA bases its analysis principally on
functioning and capabilities, which is why this study analyzes
innovative and necessity entrepreneurial activities. According
to Sen [8], capabilities depend fundamentally, among other
things, on the instrumental freedoms associated with politi-
cal freedoms, economic services, social opportunities, guar-
antees of transparency, and protective security. Therefore,
it is important to consider a measurement of real individual
freedoms.
Economic freedom is mainly measured by two indexes,
developed by the Heritage Foundation and the Fraser Insti-
tute, respectively. The use of one or the other for a particular
study depends on the time and space analyzed [101]. In this
study, to measure economic freedom, we use the Heritage
Foundation’s index, which has been widely used since its
creation in | 1995 as a valid measure of economic free-
dom [102]–[107]. TheHeritage Foundation defines economic
liberty as the fundamental right of every human being to
control his or her own work and property. Individuals are
free to work, produce, consume, and invest in any way they
wish. Further, governments allow work, capital, and goods
to move freely, and refrain from exercising the coercion of
freedom beyond what is necessary to protect and maintain
freedom [108].
The Economic Freedom Index (EFI) is measured by
quantitative and qualitative indicators grouped into four cate-
gories: rule of law (property rights, governmental integrity,
and judicial integrity); size of government (government
spending, taxation, and financial health); normative effi-
ciency (commercial freedom, freedom of labor, and monetary
freedom); and open markets (freedom of trade, freedom of
TABLE 1. Description of variables.
investment, and financial freedom). Each indicator is mea-
sured on a scale of 0 to 100. The overall score of a country
is obtained by averaging all indicators, giving each the same
weight [108].
Considering that the EFI is an index composed of several
indicators and that its calculation method entails that no
evaluation is made for convergent validity, with reference to
the consistency of its measurement, in this study, an eval-
uation of the reliability of this index was carried out using
Cronbach’s alpha, which is a good statistical measure of scale
reliability [109]. The value obtained is 0.8931, indicating that
the grouping of the indicators is valid, as it is above 0.7 [81].
Likewise, for testing hypothesis 2, the pillar of political and
regulatory environment (PRE) from NRI is used to measure
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the institutional capability variable. This pillar includes the
effectiveness of law-making bodies, judicial independence,
efficiency of the legal framework in settling disputes, effi-
ciency of legal framework in challenging regulations, intel-
lectual property protection, software piracy rate, number of
procedures to enforce a contract, and time required to enforce
a contract.
Sen [31] argued that HD should be understood as an
improvement in capacities, which are limitless. Seen thus,
the ranking of countries by level of development should only
be considered as an indicator of the coverage of basic instru-
mental capacities or freedoms. This argument was considered
by the UN in the formal definition of HD, onwhich it bases its
policy recommendations. Thus, all countries are encouraged
to continuously improve their quality of life [68].
From the perspective of economic development, the
UN [110] categorizes countries as developed or developing.
The countries in the sample selected for this study are hetero-
geneous in terms of economic development, and so the mean,
maximum, and minimum values for the selected variables
are at different intervals. Therefore, to have a measure of
the obtained results’ robustness, a third qualitative control
variable, called development level (DL), was included, which
takes the value of 1 when the country is developed and 0when
the country is developing.
B. METHOD
For this study, six different samples were used, considering,
as a first criterion of classification, the availability of infor-
mation on the independent variables, NRI and TEAIN, and
HD (that is, SPI and HDI). The models used are summarized
in Table 2. Appendix C presents the list countries used in each
sample.
According to Gujarati and Porter [111], when information
exists in the same cross-sectional units over time, it is possible
to design models in which the combination of both types of
data is used, which can then be evaluated by means of panel
data. Wooldridge [112] argued that one of the main advan-
tages of using the panel data technique is that it allows non-
observable factors, which influence the dependent variable,
to be classified into two types: those that are constant and
those that vary over time. The same argument is put forward
in [113], [114].
Evaluations with panel data can be carried out in two ways:
the fixed-effects model, which considers that the differences
between the units can be captured through the differences
in the constant term, where each intercept must be evalu-
ated; and the random-effects model, which assumes that each
cross-sectional unit has a different intercept [115]. On esti-
mating the regressions, in Stata 14, bymeans of the fixed- and
random-effects methods, F and Breusch–Pagan tests confirm
that, in the selected samples, the panel data technique is more
accurate than the pooled Ordinary Least Squares method.
According to the above procedure, to determine which
is the better model, fixed- or random-effects, the Haus-
man [116] test is applied, and the result supports the use of
TABLE 2. Summary of samples.
fixed effects. Subsequently, tests are performed to validate
the Gauss–Markov assumptions relating to the independence
between errors and a distribution with constant variance. The
Wooldridge [115] test is then applied, indicating the existence
of autocorrelation, while the modified Wald test reveals the
presence of heteroscedasticity [117].
Evaluations using panel data often present serial autocor-
relation problems, heteroscedasticity, and even contemporary
correlation [118]. According to Jönsson [119], these prob-
lems arise when errors are dependent on the cross-sections in
the panel data model. This problem can be solved by applying
the feasible generalized least square (FGLS) technique.
However, Beck and Katz [120] demonstrated that FGLS
produces standard errors coefficients that are seriously under-
estimated. Moreover, the authors describe Monte Carlo
experiments in which the evaluation of panel corrected stan-
dard errors (PCSE) allows the correction of the presence of
serial autocorrelation, heteroscedasticity, and even contem-
porary correlation with precise evaluations of standard error,
with little or no loss of efficiency as compared with FGLS.
Similarly, Beck and Katz [120] suggested that the PCSE
evaluation has the advantage that it can easily be used even
when T < N, which is the case with the samples selected in
this study. Therefore, the results of the evaluations correspond
to PCSE, which is represented in the following equations:
HDit = νi + β1ICT it + β2EFI it + eit (1)
HDit = νi + β1TEAIN it + β2EFI it + β3PRE it + eit (2)
where i means the i-th transversal unit (country); t is the
time (year); HD is a variable measuring human development
(SPI, HDI); ICT is a measure of ICT usage (NRI, INUICT,
BUICT, and GUICT); TEAINmeasures the rate of innovative
entrepreneurial activity; EFI is the Economic Freedom Index;
and PRE measures the political and regulatory environment.
IV. RESULTS AND DISCUSSION
Tables 3 and 4 summarize the descriptive statistics of the
variables used (minimum and maximum values, average,
and standard deviation). The maximum and minimum val-
ues indicate that the sample selection is unbiased, owing to
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TABLE 3. Descriptive statistics and correlation matrix: Samples 1–3.
TABLE 4. Descriptive statistics and correlation matrix: Samples 4–6.
the heterogeneity of the studied countries in their levels of
entrepreneurship, social progress, and human development.
Tables 3 and 4 also show the results of bivariate correlation,
which are consistent with the proposed theory, providing
initial evidence for the testing of the hypotheses. According
to these results, a positive and significant correlation exists
between all the variables that measure human development,
that is, the IPS and HDI with ICT usage. Similarly, the corre-
lation of TEAINwith SPI and HDI is positive and significant.
The correlation of SPI and HDI with the control variables
(EFI and PRE) is also positive and significant.
Figure 1 shows that regardless of the level of development,
there is a positive relationship between the ICT variables and
the variables that measure HD.
Figure 2 shows countries classified by their level of eco-
nomic development along with information on the HD vari-
ables (HDI and SPI), and NRI for 2016. These maps show
that regardless of a country’s level of development, there
is a direct link between the use and adoption of ICT and
HD. However, it should be noted that in developed countries
such as Bulgaria, Croatia, Cyprus, Czech Republic, Greece,
Hungary, Italy, Poland, Romania, Slovakia, Slovenia, and
Spain, the level of use and adoption of ICT is at the middle
level; in contrast, in developing countries such as Bahrain,
Hong Kong-China, Israel, Malaysia, Qatar, Saudi Arabia,
Singapore, SouthKorea, and, UnitedArab Emirates, this level
is high.
Table 5 summarizes the regressions calculated by PCSE.
The results of the evaluations indicate, for all cases, that the
independent variables jointly explain the dependent variable.
Moreover, the results allow for the verification of the pro-
posed hypotheses, as described in the following.
Hypothesis 1 proposed that countries’ adoption/use of ICT
is positively related to HD, especially on the dimensions
measured by HDI and SPI. Model 1 shows that the variable
measuring a country’s capacity to use ICT to increase com-
petitiveness and welfare (NRI) has a positive and significant
relationship with the HDI (0.88; p < 0.01). As a validation
measure of Model 1’s robustness, Model 6 was estimated,
and the results indicate that NRI has a positive and significant
relationship with SPI (0.93; p < 0.01).
Similarly, in Models 2 and 7, the level of economic
development was included as a control variable, and the
results indicate that regardless of a country’s level of devel-
opment, the adoption of ICTs has a positive and signifi-
cant impact on HD. As a third measure of robustness of
the results obtained in Model 1, Models 13, 14, 19, 20,
25, and 26 (Appendix D) were estimated. In these mod-
els, the dimensions of the HDI—having a long and healthy
life, being knowledgeable, and having a decent standard
of living—were taken as dependent variables. In addition,
level of development was included as a control variable.
The results of these estimates are summarized in Table 6.
They indicate that adopting ICTs has a positive and signif-
icant impact on each HDI dimension, which validates H1.
Similarly, this result is consistent with the proposed theo-
retical approach, which adds evidence to prior studies that
have attempted to explain ICT use as a tool that facilitates
functioning that potentially enables people to achieve their
goals [10], [11], [13], [37], [41], [42], [121]–[130].
The results on the positive relationship between NRI
and HD provide new evidence, suggesting that ICT facili-
tates people’s lives, regardless of their socioeconomic status,
as well as their access to basic goods and services to expand
capabilities and opportunities [124].
H1.1 indicates that individual use of ICT (mobile tele-
phone, Internet, personal computers, and virtual social net-
works) is positively related to HD, and especially on the
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FIGURE 1. Relationship between the human development (HD), information and communication technology (ICT), and institutional indicators,
by economic development level. In all figures, the first column represents the HD indicator, social progress index (SPI) or human development
index (HDI); the adjacent columns represent: The ICT indicators, individual ICT use (INUICT), business use of ICT (BUICT) and government use of
ICT (GUICT); institutional indicators, economic freedom index (EFI) and pillar political and regulatory environment (PRE); and the last indicator is
the total entrepreneurial activity rate of innovation (TEAIN). Each cloud point represents the relationship between the intersecting variables.
(a) and (b) represent developed countries. (c) and (d) represent developing countries.
dimensions measure by HDI and SPI. Model 3 shows that
the variable measuring the individual use of ICT (INUICT)
has a positive and significant relationship with the HDI (0.47;
p < 0.01). As a validation measure of Model 2’s robustness,
Model 9 was estimates, the results showing that INUICT
has a positive and significant relationship with SPI (0.47;
p < 0.01). Similarly, in Models 4 and 10, the level of
economic development was included as a control variable,
and the results indicate that regardless of a country’s level
of development, individual use of ICTs has a positive and
significant impact on HD.
As a third measure of robustness of the results obtained in
Model 3, Models 15, 16, 21, 22, 27, and 28 (Appendix D)
were estimated. In these models, each HDI dimension was
taken as a dependent variable, and the level of development
was considered as a control variable. The results of esti-
mates are summarized in Table 6. They indicate that indi-
vidual use of ICTs has a positive and significant impact on
each HDI dimension, which validates H1.1. This result was
obtained from a significant sample of countries and rein-
forces the findings of micro-level studies that concluded that
individuals’ use of ICT contributes to improving the quality
of life [13], [15], [42]–[46], [49], [50].
Individual ICT usage helps human capabilities expand,
as measured by HDI and SPI; this can be explained through
the analysis of Internet usage, as main means of information
and communication. The Internet enables access to technical
and specialized knowledge. The best universities in the world
have a wide range of open courses through platforms such as
Coursera and edX, allowing people to gain access to knowl-
edge. Development of innovations with a technological com-
ponent has also been promoted by open access to specialized
research and open source software [131]. Similarly, the vir-
tual platforms of a collaborative economy foster activities
from satisfying needs for food and leisure, to obtaining finan-
cial capital to start entrepreneurial activities [131], [132].
H1.2 indicates that business use of ICT is positively
related to HD, especially on the dimensions measured
by HDI and SPI. Model 3 shows that the variable mea-
suring the business use of ICT (BUICT) has a positive
and significant relationship with HDI (0.06; p < 0.05).
In the field of entrepreneurship, expanding Internet usage is
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FIGURE 2. (a) Human development index (HDI) and networked readiness index (NRI), by economic development level. (b) Social progress index (SPI) and
networked readiness index (NRI), by economic development level.
an input for creating successful start-ups available online.
Crowdfunding, MOOCs, and open source computer devel-
opments eliminate entry barriers to markets that can restrict
entrepreneurs [124], [131]. Using the Internet as a platform
for business enables the entrepreneur to overcome financing
obstacles through crowdfunding [133]. Massolution’s annual
Crowdfunding Industry Report (2015) [134] shows that the
crowdfunding platforms worldwide raised USD 16.2 billion
in 2014, an increase of 167% over 2013. Of the total collected
in 2014, 41.3% (equivalent to USD 6.7 billion) correspond to
investments in business and entrepreneurship.
The most visible impact of Internet usage on
entrepreneurship activities is associated with creating new
market segments through online start-ups, targeting 45.9% of
the Internet users worldwide. New start-ups have fewer oper-
ational costs because the network aids with the distribution of
their product or services and provides access to rawmaterials.
The largest of these companies are currently ranked among
the most profitable in the world: Google, Facebook, Amazon,
and eBay [79], [131].
According to Sen [10], ICT fundamentally helps establish
human interaction in all social spheres, regardless of the
economic paradigm or philosophical thinking involved. ICTs
are used by the most rudimentary economies to the most
developed ones to facilitate exchanges of goods and services.
The information society, especially open Internet access, are
enabling the expansion of the collaborative economy, aiding
a paradigm change in the exchange of goods and services
and in turn improving the quality of people’s lives and the
implementation of sustainable development theories. Collab-
orative economy platforms and open access to codes and
data on the Internet encourage highly innovative scientific
development [105].
Similarly, Model 5 shows that TEAIN has a positive
and significant relationship with the HDI (0.047; p < 0.1),
and Model 6 shows TEAIN has a positive and significant
relationship with the SPI. However, considering the level
of development as a control variable, it is observed in
Models 4 and 10 that when countries are economically
developed, the use of ICT for doing business does not
have a significant impact on HD. Similarly, by introduc-
ing the level of development as a control variable in the
relationship between innovation entrepreneurship and HD in
Models 6 and 12, it is noted that when countries are developed
economically, the impact of innovation entrepreneurship on
HD is not significant. These results are consonant with
those obtained by previous studies, which have indicated
that innovation entrepreneurship has a U-shaped relationship
with economic development [135]–[137]. In the same way,
Hessels et al. [138], suggests that entrepreneurship
rates are lower in countries with high levels of social
security.
Similarly, by linking HDI components to the use of
ICT in commercial activities (Appendix D: Models 15,
16, 21, 22, 27, and 28), as shown in Table 6, the use of
ICT to do business has a positive relationship with each
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TABLE 5. Regression analysis.
TABLE 6. Regression analysis of human development index components.
HDI component, but this relationship is not significant.
Meanwhile, TEAIN has a positive and significant relationship
with each component of HD (Models 17, 23, and 29); how-
ever, by introducing the level of development as a control
variable, the TEAIN ratio remains positive but not significant
(Models 18, 24, and 30).
The results of eachmodel allow the inference that the use of
ICTs for commercial purposes has a positive impact on HD
at the global level. However, if the analysis considers only
developed countries, the relationship between this variable
and HD is no longer significant. Therefore, H1.2 can only
be partially accepted.
H1.3 indicates that government use of ICT is positively
related to HD, especially on the dimensions measured byHDI
and SPI. The results for the coefficient measuring the govern-
ment usage of ICT in Models 3 and 9, despite being positive,
is not statistically significant on HD. This result validates
the approaches of the WEF and UN, in that all public sec-
tors (especially in developing countries) should intensify the
adoption and use of ICT by implementing online government
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programs that allow people to interact with the public admin-
istration in an agile and reliable way. Similarly, these organi-
zations suggesting that public administrations should report
online the management and execution of public resources for
a greater citizen control to occur [32], [34], [79], [131], [139].
This result is verified through Model 4, wherein, upon con-
sidering developed countries as a control variable, the impact
of governments’ use of ICT on HD is positive and significant.
Similarly, by linking government use of ICTwith eachHDI
component (Appendix D: Models 15, 16, 21, 22, 27, and
28), as seen in Table 6, the use of ICT by the government
has a positive and significant impact on the ‘‘decent standard
of living’’ dimension. In addition, the use of ICTs by the
government has a positive and significant impact on the ‘‘long
and healthy life’’ dimension when controlled for developed
countries.
In all estimations, EFI and PRE have positive and signifi-
cant effects on the HD variables. These results validate Sen’s
approach [31] in that the freedom to participate in markets
can contribute in a significant way to HD, independently
of what the market mechanism may contribute to promote
economic growth or industrialization. The freedom to carry
out economic exchanges thus plays an essential role in social
life. In addition, economic and political freedom comple-
ment or reinforce each other, in that social opportunities for
education and health care, which may require state interven-
tion, complement individual opportunities to participate to
the economy and policy and contribute to foster our own
initiatives in overcoming our respective deprivations.
V. CONCLUSION
Themain goal of this studywas to present new evidence about
the relationship between ICT and innovative entrepreneurship
for HD. To achieve this goal, we took the CA as a theoretical
framework of reference. The first conclusion is that the CA
helps us understand how a human activity or resource can
enhance the quality of life.
We conclude that ICT is a resource that may expand peo-
ple’s capabilities, allowing them to lead the lives they desire.
This result provides new evidence regarding the influence of
ICT onHD, as increases in ICT usage and adoption, measured
by the NRI, correspond to increases in HD, measured by the
SPI and HDI.
Upon conducting analysis that considered the level of
economic development of countries included in the sample,
it was observed that, regardless of the level of development,
individual use of ICTs has a positive impact on HD. However,
the use of ICTs for commercial purposes does not have
a significant positive impact on HD when controlled for
developed countries, because there is a U-shaped relation-
ship between development and entrepreneurship innovation.
Similarly, the government’s use of ICTs was found to have
a positive and significant impact on HD when developed
countries are controlled for.
The use of ICTs at the individual, commercial, and gov-
ernment levels, when controlled for the level of economic
development, has a very similar impact on the HDI and each
of its dimensions.
We are convinced that stable support to encourage
widespread ICT use in all dimensions of people’s lives can
contribute to their wellbeing, especially if applied to optimize
work activities so people can spend extra time on hobbies or
other ludic activities.
The results of this study can be used as a tool by public
policymakers, especially in developing countries, to reinforce
their intentions to support the use and implementation of
ICTs at the individual, commercial, and government levels.
Supporting the use of ICT at the individual level makes it
easier for people to do and be what they really desire. This
is because, through the use of tools such as the Internet, it is
possible to access multiple sources of information related to
most activities that people perform.
Similarly, it is important that policymakers promote poli-
cies that support the use of ICTs for doing business in
developing countries. This is because these tools improve
efficiency in the production and distribution of goods and ser-
vices, which increases sales and results in higher profitability.
The increase in the supply of goods and services reduces
prices and makes it easier for people to meet needs they could
not before.
Support for the implementation of e-government may also
result in improved efficiency in the provision of public ser-
vices. Especially in developing countries, it could provide an
alternative path to information related to public services and
government spending, allowing citizens to exercise greater
control over public resources, and it could prevent corruption,
which is one of the main challenges in developing countries.
We also suggest that public programs that encourage the
adoption and use of ICT, especially the Internet, should be
created and strengthened in all sectors of society, since these
tools make it easier for people to improve their quality of life.
In many countries, programs exist to support the adoption
and use of ICTs. However, there is a growing trend, in both
developed and developing countries, to establish barriers to
access the Internet, which can threaten the fundamental right
to freedom of expression and weaken the information society.
It is therefore essential, that public policies in each country
and international agreements continue to defend free and
secure access to the Internet globally, as the main means of
communication and information.
The main limitation of this study is the scarcity of sec-
ondary information to apply causality statistical techniques
to, such as Granger, as well as the lack of estimations using
other techniques related to time series. Our results are thus an
approximation of the influence of entrepreneurship and ICT
on HD.
Finally, concerning the above methodological limitations,
future research should continue to explore the impact of
entrepreneurship and ICT on HD. To this end, multidi-
mensional synthetic indexes of HD could be created using
information on cities or regions to determine its relationship
to the creation of new firms in specific territories.
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APPENDIX A
TABLE 7. Structure of social progress index (SPI).
APPENDIX B
TABLE 8. ICT usage sub-index of the networked readiness index (NRI).
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APPENDIX C
TABLE 9. Countries. Sample model 1, 2,3, 4, 13, 14, 15, 16, 19,20,21,22,25, 26,27 and 28.
TABLE 10. Countries. Sample model 5,6, 17, 18,23, 24, 29 and 30.
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TABLE 11. Countries. Sample model 7,8,9 and 10.
TABLE 12. Countries. Sample model 11 and 12.
APPENDIX D
TABLE 13. Regression analysis.
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